Abstract. Our research team put forward a self-adapting energy dissipation unbonded partially prestressed concrete (UPPC) frame structural system, which is a new UPPC frame structure with good deformability and energy dissipation capacity. This new structure refers to the rational setting of self-adapting energy dissipation components in the UPPC frame, which aims at reducing the stress of unbonded prestressed reinforcement during severe earthquakes. Besides, part of the prestress in the beam during that period can be released to form a beam-hinge energy dissipation mechanism and strong column-weak beam ductility frame. In this paper, the experimental study of two frames (UPPC frame and self-adapting energy dissipation UPPC frame) under low cyclic loading demonstrates that the self-adapting energy dissipation UPPC frame of this experiment presents a better energy dissipation capacity, and thus can form a beam-hinge mechanism.
Introduction
Studies [1] [2] [3] [4] have proved that rationally allocating non-prestressed reinforcement, controlling the height of the compression zone of the frame beam and increasing the bearing capacity of the column can improve the seismic performance and energy dissipation capacity of partially prestressed concrete (PPC) and UPPC frame structures. However, how to take advantages of the prestressed structures and overcome its shortcomings, how to adopt more advanced and effective techniques to enhance and improve the seismic performance of prestressed structures, that has become the focus of research in recent years.
Based on the special performance of unbonded prestressed reinforcement, a research team, put forward a self-control energy dissipation UPPC frame structural system, which is a new UPPC frame structure with good deformability and energy dissipation capacity [5] . The new prestressed frame system can initialize energy dissipation components in severe earthquakes and reduce the bearing capacity of the prestressed beam end, so the plastic hinge can firstly occur on the beam end rather than in the column end. Then, the beam-hinge lateral displacement mechanism can be achieved. This paper studied the energy dissipation mechanism of the proposed structure, determined its threshold, studied the design of energy dissipation components and analyzed the seismic performance of the structure before and after adding energy dissipation components.
The differences between self-adapting energy dissipation UPPC frame and common UPPC frame are: firstly, the unbonded prestressed reinforcement used in the proposed frame beam is arranged in a broken line type; secondly, a certain number of self-adapting energy dissipation components are arranged at the turning point of the unbonded prestressed reinforcement. Before the earthquake, the self-adapting energy dissipation components are in a dormant state ( Fig. 2[a] ). When a severe earthquake occurs, transnormal displacement and deformation occur in the frame structure, and the force of unbonded prestressed reinforcement on the energy dissipation components at the turning point increases. Once the force reaches the designed threshold of these components, finite deformation will occur in the energy dissipation components (Fig. 2[b] ). Subsequently, the prestress is released, and the bearing capacity of the UPPC frame beam is reduced. 
Experimental Situation
Two specimens of one-bay, one-story UPPC frames were tested. They consisted of an ordinary UPPC frame (KJ1) and a self-adapting energy dissipation UPPC frame (KJ2), among which, self-adapting energy dissipation components were set at the turning point of the unbonded tendon in KJ2.The two frames had the same size and reinforcement, and details of the frames are shown in Fig. 3 . The test adopted the displacement loading method, and the loading amplitude of the first step was 2 mm, which was then cycled once. The amplitude was increased by 2 mm once every cycle until the specimen yielded. After the specimens yielded, the increased displacement differential of each stage was a multiple of the yield displacement and cycled twice at each stage. When the horizontal bearing capacity of the specimen dropped to 85% of the ultimate bearing capacity.
Experimental Results and Analysis

Failure Mode
When the cracks occurred at the end of the beam, the horizontal displacement of KJ1 reached 4 mm, and the crack width was small. Concrete spalling only occurred in the capital, and the concrete at the end of the beam did not peel until the end of the test. After the column base steel bars yielded, the steel bars at the capital tended to yield before the beam end steel bars. As a result, the energy dissipation mechanism of KJ1 was the column hinge mechanism.
When the cracks occurred at the beam end (the self-control component was broken), the horizontal displacement of the KJ2 reached 20 mm. The concrete of the beam end was peeled off when the horizontal displacement reached 60 mm. In a subsequent test, the peeling area developed at the beam column joint, and the column top concrete did not present obvious peeling. After the column base steel bars yielded, steel bars at the beam end tended to yield before the capital steel bars. Consequently, it can be concluded that the energy dissipation mechanism of KJ2 is the beam-hinge mechanism.
Hysteresis Curve
The horizontal low cyclic loading test can simulate the reciprocating motion of structures or members under seismic loading, thus generating the load displacement curve of the structure or member, that is, the hysteretic curve. As shown in Fig. 4 and Fig. 5: 1) The horizontal bearing capacity of KJ1 is slightly higher than that of KJ2, but the ductility is obviously lower than that of KJ2; 2) After destructing the self-control component, with the increase of the horizontal displacement, the bearing capacity of KJ2, unlike KJ1, immediately dropped. However, there was a platform that continued to the 80-mm level loading end. Therefore, compared with KJ1, the horizontal bearing capacity of KJ2 was weaker while the ductility was significantly improved. 
Displacement Ductility
The displacement ductility coefficient is an important index to measure ductility, and the deformation capacity of each structure and component can be compared by the displacement ductility coefficient. In this paper, the "general yield bending moment method" is used to determine the yield displacement and ultimate displacement of the structure. The displacement and ductility of each feature point are presented in Table 1 . 
Energy Dissipation Capacity
The energy dissipation capacity of structures is mainly measured by the area enclosed by hysteresis loops.The energy dissipation values and equivalent viscous damping coefficient calculation structures for the remaining load displacements of the two frames are shown in Table 2 and the following information can be obtained from the table: 1) Before the horizontal displacement reaches 20 mm, the energy dissipation coefficient and energy dissipation values of KJ1 and KJ2 are basically the same. However, after the horizontal displacement reaches 20 mm, because the horizontal displacement of KJ1 was greater than that of KJ2 under the same horizontal displacement, the energy dissipation coefficient and energy dissipation value of KJ1 was slightly larger than that of KJ2.
2) The ultimate displacement of KJ2 was larger than that of KJ1. Additionally, KJ2 had one level of horizontal displacement compared to KJ1, so the total energy consumption of KJ2 was 21.1% larger than that of KJ1. Table 2 . Equivalent viscous damping coefficient and energy dissipation value of tested frames.
Note: ∑E (KJ1)= 37138.29 kN·mm; ∑E (KJ2) =44978.08 kN·mm. With two cycles of loading, the energy dissipation factor and energy dissipation values are the values of the first cycle; the value in parentheses is the horizontal displacement of the frame KJ2; the bearing capacity of KJ2 decreased too greatly when the horizontal displacement was 120 mm, so the energy dissipation capacity and energy dissipation factor of this stage were not calculated.
Stress Variation of Prestressed Tendon
Fig .5 demonstrates that the stress of the prestressed tendon remained almost unchanged, and concrete was not cracking at the beginning of the loading of the KJ1 specimen. When the horizontal load displacement increased, the tension zone of concrete cracking and prestressed tendons had finite amplitude stress increments. When the frame yielded, the load displacement increased and the stress of the prestressed tendon obviously increased, indicating that the prestressing tendons resisted the external load in the structure. When the load increases gradually to the ultimate load, the stress growth rate of the prestressed tendon also decreases gradually. Based on Fig.6 , in the early stage of loading and before coagulation frame yield, the stress variation of the prestressed tendon in KJ2 was similar to that in KJ1. When the frame yielded, load displacement increased, and the stress of the prestressed tendon clearly increased. When the self-control component was damaged, the stress of the prestressed tendon was significantly reduced, and the stress could not be significantly increased, as the prestressed tendon of KJ1 resisted the external load. However, during subsequent loading, the stress of the prestressed tendon increased significantly compared with the initial reduction value, suggesting that it gradually began to bear the external load. 
Conclusions
Through conducting this study, the following conclusions could be drawn: 1) Both frame column bases were destroyed first. For KJ1, the steel bars at the capital tended to yield before the beam-end steel bars. However, for KJ2, the steel bars at the beam-end tended to yield before the capital steel bars.
2) The hysteretic curves of two frames are opposite "S", and the shape is relatively plump. However, at the peak of the horizontal bearing capacity of KJ2, a section of the yielding platform appeared and continued until the end of the loading at the 80-mm level. The ductility of the KJ2 specimens significantly increased.
3) KJ2 had a better energy consumption capacity. After the self-control component works, compared with KJ1, the horizontal peak-bearing capacity of KJ2 was slightly lower than that of KJ1, and the ultimate displacement and ductility coefficient of KJ2 was larger than that of KJ1. In addition, the total energy consumption for KJ2 was also 21.1% larger than that of KJ1. 
